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(57) ABSTRACT

A system for a gas turbine engine includes an engine control
system. The engine control system includes a processor in
communication with a non-transitory memory storing
instructions, which instructions when executed by the pro-
cessor, cause the processor to: obtain a current engine
installation configuration for the gas turbine engine, deter-
mine a normalized value of the engine parameter for an
uninstalled gas turbine engine based on the current engine

(22) Filed: Aug. 22, 2022 installation configuration and one or more of a normalized
engine power (SHPN) of the gas turbine engine, an airspeed,
Publication Classification or an altitude, d.etermine a fully.deteriorated epgine (FDE)
value of the engine parameter using the normalized value of
(51) Int. CL the engine parameter, determine a current value of the
FOID 17/02 (2006.01) engine parameter for the gas turbine engine, and determine
(52) US. CL the engine operating margin for the engine parameter based
CPC ........ Fo1D 17/02 (2013.01); FO5D 2220/323 on the FDE value of the engine parameter and the current
(2013.01); FO5D 2260/80 (2013.01) value of the engine parameter.
22
Engine Control System s~
& 66K,66L 10

| Processor

Memory /

66H,66!




Patent Application Publication  Feb. 22,2024 Sheet 1 of 6 US 2024/0060426 A1




US 2024/0060426 Al

¢ Ild

Dw¢¢

S

199°H99

Feb. 22, 2024 Sheet 2 of 6

01

Alowd J0SSa20.d

wa1sAs j0J3u0) duI8u3

(44

Patent Application Publication




US 2024/0060426 Al

Feb. 22, 2024 Sheet 3 of 6

Patent Application Publication

QI |

e1T —

&£ DId 911
0z1 81T L
o oy |22t - 611 J LlldX3v™e fe—LLId3 /
uBieW NLL| UIJeJ0LIIBA NLLI VSIMODLL | | oo Hd00LL / uj3rew Ayjigersen NLL|
: LTT
111304 sHun Il NLLI pazijeusioN
wmfﬁ paadx3 aneRy 11 pazijeuLiou-3( pajaLI0) An_
f uigle _ 701 10T
L1 u34ny ¥4} T
et LPREL | ST AQYSI NdHS A e Naks 7 dHS
F_w palaLIo) I
[ x = A
PI9 5 \Ju (ouigu3
4%’ pa|jeIsul-un)
(puiu3 payjersur-un) 'AJQYSI B YD prapy
IO || 1YO® NdHS Sh Jejeds = NdHS sh sefeds) | qUEd
1T 1 PISII/NLL J0sageL NLLIY 40 S3j0e) 201
, ) L/ (50 oA
_ _ g0t (ouigu3 ‘ I
NdHS |[3pmnjy pajjeasui-un) (u) 8yuo? suius Y
(auidu3 pajjelsui-un) NdHSSA = [ L jo uonouny gHs sA % 4402dd
L1 ol 4@ NaHs st efeds NLLI josajqel 440040 40 s3|gel Al /
XagOV/NLLI 0 S3jqe)
Tr7— [ OEOV/NLL 052 L. ; st | ot
t:oxmmo< .
(u) 8u0) audua 8ljuoy) auiguI amn) :/;
\ (u) Syyuo) duiBua Jo uopouny 3P 10 UORIUNS NHS €01
\\ o1t 'NQYSIBIEGD NGHS [+ queg A SN s -
001 60T~ S 14eleas) NLLIZY Jo sajqeL S ¥
_ (s1) SYOA



Patent Application Publication  Feb. 22,2024 Sheet 4 of 6 US 2024/0060426 A1

o) )

o
FIG. 4

68




US 2024/0060426 Al

Feb. 22, 2024 Sheet 5 of 6

Patent Application Publication

S Old 912
10101 uonauo) | —8TC \
122 —"| uiSiep HN uoneIoLaldq HN
HNdX3v"e HNdX3
HN 304 HN
ON/N pa13adxy 4] + PaZI[eULIOU-3(
f uigse 10c
HNpawadx3| 6Tz LTT~_ U_.HW_ ] B_,_ zn__xm NO/N \
ST¢ T
€17 AQ VS paaLI0) AIm_mT. NdHS (e %] dHS
PIgSD3 X 1] : il
-17 ] (auigu3
pajjeisuj-upn) ﬁnmm.n._
(pusu3 pajessur-un) M0VSI B HAD | aprigy
1Y0 {1 1YO® NdHS Sh Jejeds et NdHS A (i2[eas) e
1 | P/ TOHN 0 el THNy josagey | | 90¢
_ ] [ (50 SY2A
. 80¢ (out3 ‘
Nats |lopnimy paj[elsul-un) (u) 8yyuo) suidua
{auiBu3 pajjelsul-un) NdHSSA = | L jo uonaunj dHS A Fe—{ % 440040
L . }|ed® NdHS SA Je[eds TOHN Jo sajqeL 440240 Jo s9|qeL / /
Xog9OV/TIHN Jo s9|qeL
1| / X e {114 0¢
ln
KL (0) 33007 2uBwa Siju0) auiu3 waun)
\ (u) Byuo) auidua jo Py Jo uonauny NdHs €02
\\ 018 gz UoNOUN AJQVSIBHE® [+ quieg LSV IOHND 0 S1GeL )
002 NdHS SA TOHNZ) 0 S9jqeL 4
, (sp1) SYOA




9 IId

US 2024/0060426 Al

ANION3 INIGYNL SVD FHL 40 FIONVNILNIVIA
404 INTVA NIDUVIA ONILVHIdO ATOHSTHHL
d3INIIAY313d3dd V MOT34 DNISYIHIIA NIDUVIA
ONILVH3dO INIONT INO L1SV3IT 1V AdILNAdI

| _—€0¢

€0€ —_|

Feb. 22, 2024 Sheet 6 of 6

SNIDYVIA DNILVYIdO INIONI
JHO HO INO FHL AV1dSId

ANIONT INIGHNL SVD V 404 SNIDUVIA
ONILVHIdO INIONT FHON HO INO NIVL40

|_—10¢€

/

00€

Patent Application Publication



US 2024/0060426 Al

SYSTEMS AND METHODS FOR
DETERMINING GAS TURBINE ENGINE
OPERATING MARGINS

TECHNICAL FIELD

[0001] This disclosure relates generally to gas turbine
engine operating margins, more particularly, to systems and
methods for determining gas turbine engine operating mar-
gins.

BACKGROUND OF THE ART

[0002] A gas turbine engine for an aircraft may be subject
to various operational power checks to verify that the
aircraft can satisty minimum power requirements for a flight
or operation. Various systems and methods are known in the
art for verifying the operational power capability of a gas
turbine engine. While these known systems and methods
have various advantages, there is still room in the art for
improvement.

SUMMARY

[0003] It should be understood that any or all of the
features or embodiments described herein can be used or
combined in any combination with each and every other
feature or embodiment described herein unless expressly
noted otherwise.

[0004] According to an aspect of the present disclosure, a
system for determining an engine operating margin for an
engine parameter of a gas turbine engine for an aircraft
includes an engine control system. The engine control
system includes a processor in communication with a non-
transitory memory storing instructions, which instructions
when executed by the processor, cause the processor to:
obtain a current engine installation configuration for the gas
turbine engine, determine a normalized value of the engine
parameter for an uninstalled gas turbine engine based on the
current engine installation configuration and one or more of
a normalized engine power (SHPN) of the gas turbine
engine, an airspeed, or an altitude, determine a fully dete-
riorated engine (FDE) value of the engine parameter using
the normalized value of the engine parameter, determine a
current value of the engine parameter for the gas turbine
engine, and determine the engine operating margin for the
engine parameter based on the FDE value of the engine
parameter and the current value of the engine parameter.
[0005] In any of the aspects or embodiments described
above and herein, the instructions, when executed by the
processor, may further cause the processor to determine if
the engine operating margin decreases below a predeter-
mined threshold margin value for gas turbine engine main-
tenance.

[0006] In any of the aspects or embodiments described
above and herein, the engine parameter may be an indicated
turbine temperature (ITT).

[0007] In any of the aspects or embodiments described
above and herein, the engine parameter may be a compressor
speed.

[0008] In any of the aspects or embodiments described
above and herein, the instructions, when executed by the
processor, may further cause the processor to: calculate a
current engine inlet pressure loss using an engine inlet
pressure and an outside ambient pressure, compare the
current engine inlet pressure loss to an expected nominal
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engine inlet pressure loss for the current engine installation
configuration to determine an inlet pressure loss correction
factor, and apply the inlet pressure loss correction factor to
the normalized engine power (SHPN).

[0009] According to another aspect of the present disclo-
sure, a method for determining an engine operating margin
for an engine parameter of a gas turbine engine for an
aircraft includes: identifying a current engine installation
configuration for the gas turbine engine, determining a
normalized value of the engine parameter for an uninstalled
gas turbine engine based on the current engine installation
configuration and one or more of a normalized engine power
(SHPN) of the gas turbine engine, an airspeed, or an altitude,
determining a fully deteriorated engine (FDE) value of the
engine parameter using the normalized value of the engine
parameter, determining a current value of the engine param-
eter for the gas turbine engine, and determining the engine
operating margin for the engine parameter based on the FDE
value of the engine parameter and the current value of the
engine parameter.

[0010] In any of the aspects or embodiments described
above and herein, the engine parameter may be an indicated
turbine temperature (ITT).

[0011] In any of the aspects or embodiments described
above and herein, the engine parameter may be a high-
pressure compressor speed (NH).

[0012] In any of the aspects or embodiments described
above and herein, the method may further include identify-
ing the engine operating margin decreasing below a prede-
termined threshold margin value for gas turbine engine
maintenance.

[0013] In any of the aspects or embodiments described
above and herein, the method may further include: deter-
mining a scaling factor based on SHPN, altitude, current
ISA deviation, and the current engine installation configu-
ration and applying the scaling factor to the expected
normalized value of the engine parameter.

[0014] In any of the aspects or embodiments described
above and herein, the method may further include: deter-
mining an accessory extraction load for the gas turbine
engine, determining an accessory extraction load correction
factor using the normalized engine power (SHPN), the
altitude, and the accessory extraction load, adding the acces-
sory extraction load correction factor to the expected nor-
malized value of the engine parameter.

[0015] In any of the aspects or embodiments described
above and herein, the step of determining the current value
of the engine parameter for the gas turbine engine may
include measuring the engine parameter using one or more
sensors of the gas turbine engine.

[0016] In any of the aspects or embodiments described
above and herein, the step of determining the current value
of the engine parameter may include estimating the current
value of the engine parameter using a computer-imple-
mented model.

[0017] In any of the aspects or embodiments described
above and herein, the step of determining the FDE value of
the engine parameter may include determining a deteriora-
tion correction factor for the FDE value. The deterioration
correction factor may be based on one or more operational
characteristics of a compressor of the gas turbine engine.
[0018] According to another aspect of the present disclo-
sure, a gas turbine engine for an aircraft includes an air inlet,
a first rotational assembly, a second rotational assembly, an
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exhaust section, and an engine control system. The first
rotational assembly includes a first shaft, a bladed first
compressor rotor, and a bladed first turbine rotor. The first
shaft interconnects the bladed first compressor rotor and the
bladed first turbine rotor. The second rotational assembly
include a second shaft, a bladed second compressor rotor,
and a bladed second turbine rotor. The second shaft inter-
connects the bladed second compressor rotor and the bladed
second turbine rotor. The air inlet, the first rotational assem-
bly, the second rotational assembly, and the exhaust section
form a core flow path of the gas turbine engine. The engine
control system includes a processor in communication with
a non-transitory memory storing instructions, which instruc-
tions when executed by the processor, cause the processor
to: determine a normalized value of an engine parameter for
an uninstalled engine based on a normalized engine power
(SHPN) of the gas turbine engine, an airspeed, and an
altitude, determine a fully deteriorated engine (FDE) value
of the engine parameter of the gas turbine engine using the
normalized value of the engine parameter, determine a
current value of the engine parameter for the gas turbine
engine, and determine an engine operating margin for the
engine parameter based on the FDE value of the engine
parameter and the current value of the engine parameter.
[0019] In any of the aspects or embodiments described
above and herein, the instructions, when executed by the
processor, may further cause the processor to obtain a
current engine installation configuration for the gas turbine
engine. The normalized value of an engine parameter may
be determined for the current engine installation configura-
tion.

[0020] In any of the aspects or embodiments described
above and herein, the engine control system may include a
plurality of sensors.

[0021] In any of the aspects or embodiments described
above and herein, the plurality of sensors may include at
least a speed sensor for the first rotational assembly and a
torque sensor for the first rotational assembly. The step of
determining the normalized value of the engine parameter
for the uninstalled engine based on the normalized engine
power (SHPN) of the gas turbine engine may include
determining the normalized engine power (SHPN) using a
rotational speed measured by the speed sensor and a torque
measured by the torque sensor.

[0022] In any of the aspects or embodiments described
above and herein, the current engine installation configura-
tion includes an air inlet configuration.

[0023] In any of the aspects or embodiments described
above and herein, the current engine installation configura-
tion includes an exhaust section configuration.

[0024] The present disclosure, and all its aspects, embodi-
ments and advantages associated therewith will become
more readily apparent in view of the detailed description
provided below, including the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 illustrates a perspective view of an exem-
plary aircraft including a gas turbine engine system, in
accordance with one or more embodiments of the present
disclosure.

[0026] FIG. 2 illustrates a schematic view of a gas turbine
engine system, in accordance with one or more embodi-
ments of the present disclosure.
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[0027] FIG. 3 illustrates a flowchart depicting a method
for determining an indicated turbine temperature (ITT)
margin for a gas turbine engine, in accordance with one or
more embodiments of the present disclosure.

[0028] FIG. 4 illustrates a perspective cutaway view of an
exemplary uninstalled gas turbine engine in a land-based
facility, in accordance with one or more embodiments of the
present disclosure.

[0029] FIG. 5 illustrates a flowchart depicting a method
for determining a high-pressure compressor speed (NH)
margin for a gas turbine engine, in accordance with one or
more embodiments of the present disclosure.

[0030] FIG. 6 illustrates a flowchart depicting a method
for using an engine operating margin to operate a gas turbine
engine, in accordance with one or more embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0031] FIG. 1 illustrates a perspective view of an exem-
plary aircraft 1000 including a gas turbine engine system 10.
The aircraft 1000 of FIG. 1 is configured as a rotorcraft (e.g.,
a helicopter), however, the present disclosure is also appli-
cable to other aircraft configurations such as, but not limited
to, fixed-wing aircraft.

[0032] FIG. 2 schematically illustrates the gas turbine
engine system 10. The gas turbine engine system 10 of FIG.
2 includes a gas turbine engine 20 and an engine control
system 22. The gas turbine engine 20 of FIG. 2 is a
multi-spool turboshaft gas turbine engine. However, while
the following description and accompanying drawings may
refer to the turboshaft gas turbine engine of FIG. 2 as an
example, it should be understood that aspects of the present
disclosure may be equally applicable to other types of gas
turbine engines including, but not limited to, a turbofan gas
turbine engine, a turboprop gas turbine engine, a turbojet gas
turbine engine, a propfan gas turbine engine, an open rotor
gas turbine engine, an auxiliary power unit (APU), or the
like. The gas turbine engine 20 of FIG. 2 includes an air inlet
24, a compressor section 26, a combustor section 28, a
turbine section 30, and an exhaust section 32. The compres-
sor section 26 drives air from the air inlet 24 along a core
flow path 34 for compression and communication into the
combustor section 28, expansion through the turbine section
30, and exhaust from the gas turbine engine 20 via the
exhaust section 32.

[0033] The gas turbine engine 20 of FIG. 2 includes a first
rotational assembly 36 (e.g., a high-pressure spool) and a
second rotational assembly 38 (e.g., a low-pressure spool),
an engine static structure 40 (e.g., an engine case, a bearing
compartment case, etc.), and an annular combustor 42. It
should be understood that “low pressure” and “high pres-
sure” or variations thereof as used herein are relative terms
indicating that the high pressure is greater than the low
pressure. The first rotational assembly 36 and the second
rotational assembly 38 are mounted for rotation about an
axial centerline 44 (e.g., a rotational axis) of the gas turbine
engine 20 relative to the engine static structure 40.

[0034] The first rotational assembly 36 includes a first
shaft 46, a bladed first compressor rotor 48 (e.g., of a
high-pressure compressor of the compressor section 26), and
a bladed first turbine rotor 50 (e.g., of a high-pressure
turbine of the turbine section 30). The first shaft 46 inter-
connects the bladed first compressor rotor 48 and the bladed
first turbine rotor 50. The second rotational assembly 38
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includes a second shaft 52, a bladed second compressor rotor
54 (e.g., of a low-pressure compressor of the compressor
section 26), and a bladed second turbine rotor 56 (e.g., of a
low-pressure turbine of the turbine section 30). The second
shaft 52 interconnects the bladed second compressor rotor
54 and the bladed second turbine rotor 56. The second shaft
52 may additionally be connected to one or more rotational
loads 58, for example, directly or by one or more speed-
reducing gear assemblies 60. The combustor 42 of FIG. 2 is
disposed between the bladed first compressor rotor 48 and
the bladed first turbine rotor 50 along the core flow path 34.

[0035] In operation, airflow along the core flow path 34 is
compressed by the bladed first compressor rotor 48 and the
bladed second compressor rotor 54, mixed and burned with
fuel in the combustor 42, and then expanded across the
bladed first turbine rotor 50 and the bladed second turbine
rotor 56. The bladed first turbine rotor 50 and the bladed
second turbine rotor 56 rotationally drive the first rotational
assembly 36 and the second rotational assembly 38, respec-
tively, in response to the expansion of the combustion gases.
The first shaft 46 and the second shaft 52 are concentric and
rotate about the axial centerline 44, which axial centerline 44
is collinear with respective rotational axes of the first shaft
46 and the second shaft 52.

[0036] The engine control system 22 of FIG. 2 includes a
processor 62 and memory 64. The memory 64 is in signal
communication with the processor 62. The processor 62 may
include any type of computing device, computational circuit,
or any type of process or processing circuit capable of
executing a series of instructions that are stored in the
memory 64, thereby causing the processor 62 to perform or
control one or more steps or other processes. The processor
62 may include multiple processors and/or multicore CPUs
and may include any type of processor, such as a micropro-
cessor, digital signal processor, co-processors, a micro-
controller, a microcomputer, a central processing unit, a field
programmable gate array, a programmable logic device, a
state machine, logic circuitry, analog circuitry, digital cir-
cuitry, etc., and any combination thereof. The instructions
stored in memory 64 may represent one or more algorithms
for controlling the aspects of the gas turbine engine 20, and
the stored instructions are not limited to any particular form
(e.g., program files, system data, buffers, drivers, utilities,
system programs, etc.) provided they can be executed by the
processor 62. The memory 64 may be a non-transitory
computer readable storage medium configured to store
instructions that when executed by one or more processors,
cause the one or more processors to perform or cause the
performance of certain functions. The memory 64 may be a
single memory device or a plurality of memory devices. A
memory device may include a storage area network, network
attached storage, as well a disk drive, a read-only memory,
random access memory, volatile memory, non-volatile
memory, static memory, dynamic memory, flash memory,
cache memory, and/or any device that stores digital infor-
mation. One skilled in the art will appreciate, based on a
review of this disclosure, that the implementation of the
engine control system 22 may be achieved via the use of
hardware, software, firmware, or any combination thereof.
The engine control system 22 may also include input and
output devices (e.g., keyboards, buttons, switches, touch
screens, video monitors, sensor readouts, data ports, etc.)
that enable the operator to input instructions, receive data,
etc.
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[0037] The engine control system 22 may form or other-
wise be part of an electronic engine controller (EEC) for the
gas turbine engine 20. The EEC may control operating
parameters of the gas turbine engine 20 including, but not
limited to, fuel flow, stator vane position, compressor air
bleed valve position, etc. so as to control an engine power
and/or thrust of the gas turbine engine 10. In some embodi-
ments, the EEC may be part of a full authority digital engine
control (FADEC) system for the gas turbine engine 20.

[0038] The engine control system 22 receives data asso-
ciated with operation of the gas turbine engine 20 and/or the
aircraft 1000 (see FIG. 1). The data may include operational
parameters (e.g., pressure, temperature, rotation speed,
torque, etc.) for the gas turbine engine 20. The engine
control system 22 may include and be in communication
(e.g., signal communication) with one or more sensors 66
distributed throughout the gas turbine engine 20 and/or the
aircraft 1000. The sensors 66 may include, but are not
limited to, one or more of the following: an engine inlet
pressure (P1) sensor 66A, an engine inlet temperature (T1)
sensor 668, compressor pressure (P2.x) sensors 66C at one
or more compressor (e.g., a low-pressure compressor, a
high-pressure compressor, etc.) stages, compressor tempera-
ture (T2.x) sensors 66D at one or more compressor (e.g., a
low-pressure compressor, a high-pressure compressor, etc.)
stages, a compressor outlet pressure (P3) sensor 66E, tem-
perature (T4.x) sensors 66F at one or more turbine (e.g., a
low-pressure turbine, a high-pressure turbine, etc.) stages, a
turbine exhaust temperature (16) sensor 66G, a rotation
speed (NL/Np) sensor 66H for the second shaft 52 (e.g., a
low-pressure compressor speed sensor), a torque sensor 661
for the second shaft 52, a rotation speed (NH/Ng) sensor 66J
for the first shaft 46 (e.g., a high-pressure compressor speed
sensor), an outside air temperature (OAT) sensor 66K,
and/or an outside ambient pressure (Pamb) sensor 66L.. The
engine control system 22 may be configured to receive data
from other sensors or equipment associated with the aircraft
1000 such as, but not limited to, altitude (e.g., measured or
derived using outside ambient pressure (Pamb), RADAR,
International Standard Atmosphere (ISA) pressure altitude,
etc.), (e.g., calibrated airspeed (VCAS)), ISA temperature
deviation (e.g., a difference between an actual temperature
and the International Standard Atmosphere (ISA) tempera-
ture for a particular altitude), an accessory extraction load
(e.g., a measure of bleed air, electricity, or other energy
source supplied by a gas turbine engine to the aircraft 1000),
and/or an environmental control system (ECS) bleed extrac-
tion load (e.g., a measure of bleed air supplied by a gas
turbine engine to an ECS of the aircraft 1000). Additionally
or alternatively, data associated with operation of the gas
turbine engine 20 and/or the aircraft 1000 may be obtained
from one or more data tables (e.g., data tables stored in the
memory 64), which data tables may include expected opera-
tional parameters associated with various operational con-
ditions for the gas turbine engine 20 and/or the aircraft 1000.
Additionally or alternatively, data associated with operation
of the gas turbine engine 20 and/or the aircraft 1000 may be
derived or modeled by the engine control system 22. For
example, the engine control system 22 may include instruc-
tions which, when executed, allow the engine control system
22 to execute a model (e.g., a computer-implemented model)
of one or more operational parameters of the gas turbine
engine 20 and/or the aircraft 1000 in a virtual (e.g., digital)
environment which closely represents the physical system
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(e.g., a component, assembly, system, etc. of a gas turbine
engine) by accounting for factors such as, but not limited to,
kinematics, static and dynamic behaviors, component sur-
face characteristics, component geometry, shaft torque,
engine power, pressure, temperature, altitude, vibration, and
the like. The engine control system 22 may include instruc-
tions which, when executed, cause one or more machine
learning algorithms to estimate one or more operational
parameters of the gas turbine engine 20 and/or the aircraft
1000.

[0039] Gas turbine engines may undergo periodical engine
power assurance checks (EPAC) to verify that the gas
turbine engine and/or the aircraft 1000 (see FIG. 1) can
satisfy the minimum power requirements for a planned flight
or operation. The EPAC may be used to estimate one or more
engine operating margins for one or more engine parameters
the gas turbine engine. The available engine operating
margins may provide an indication of the engine operational
time and/or capability which is available before the gas
turbine engine should undergo maintenance (e.g., a periodic
overhaul). Conservative estimates of the engine operating
margins may cause a gas turbine engine to be removed from
service prematurely for maintenance, thereby preventing the
gas turbine engine from achieving its expected engine Time
Between Overhaul (TBO).

[0040] Referring to FIGS. 2 and 3, a Method 100 for
determining an indicated turbine temperature (ITT) margin
for a gas turbine engine (e.g., the gas turbine engine 20)
installed on an aircraft (e.g., the aircraft 1000) is provided.
FIG. 3 illustrates a flowchart for the Method 100. The
Method 100 may be performed using the gas turbine engine
20 and engine control system 22. For example, the processor
62 may execute instructions stored in memory 64, thereby
causing the engine control system 22 and/or its processor 62
to execute or otherwise control one or more steps of the
Method 100. However, while the Method 100 may be
described herein with respect to the gas turbine engine 20
and/or the engine control system 22, the present disclosure
Method 100 is not limited to use with the gas turbine engine
20 and/or engine control system 22. Unless otherwise noted
herein, it should be understood that the steps of Method 100
are not required to be performed in the specific sequence in
which they are discussed below and, in some embodiments,
the steps of Method 100 may be performed separately or
simultaneously. In addition, unless otherwise noted herein, it
should be understood that various steps (e.g., correction
factor steps) of the Method 100 may be optional and, thus,
may not be essential for determining an I'TT margin for a gas
turbine engine.

[0041] In Step 101, a current engine power (SHP) for the
gas turbine engine 20 may be obtained or otherwise deter-
mined. The current engine power (SHP) may be calculated,
for example, using the rotation speed (NL/Np) of the second
shaft 52 and the torque (e.g., measured torque) for the
second shaft 52.

[0042] In Step 102, the current engine power (SHP) may
be normalized to the engine inlet pressure (P1, d,, where 0
is a given pressure (e.g., P1) divided by a reference pressure
(e.g., sea-level ISA static pressure)) and the engine inlet
temperature (T1, ©®,, where © is a given temperature (e.g.,
T1) divided by a reference temperature (e.g., sea-level static
ISA temperature)) to obtain the current normalized engine
power (SHPN). The current engine power (SHP) may alter-
natively be normalized using other operational parameters
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(e.g., other pressure and temperature parameters) of the gas
turbine engine 20 such as, but not limited to, the outside
ambient pressure (Pamb) and the outside air temperature
(OAD).

[0043] In Step 103, a current engine installation configu-
ration for the gas turbine engine 20 may be selected or
otherwise determined. For example, a user may input current
engine installation configuration characteristics of the gas
turbine engine 20 to the engine control system 22. Addi-
tionally or alternatively, current engine installation configu-
ration characteristics of the gas turbine engine 20 may be
stored in the memory 64. The current engine installation
configuration may include structural configurations or
accessories of the gas turbine engine 20 and/or the aircraft
1000 (see FIG. 1) which may be expected to affect an inlet
pressure loss for the gas turbine engine 20 and, hence, may
affect the ITT margin for the gas turbine engine 20. Char-
acteristics of the current engine installation configuration
may include, but are not limited to, configurations of the air
inlet 24 and/or the exhaust section 32 of the gas turbine
engine 20 and/or the aircraft 1000. Examples of the air inlet
24 and/or the exhaust section 32 configurations may include,
but are not limited to, air inlet filters, air inlet inertial particle
separators, air inlet foreign object debris (FOD) screens, air
inlet anti-icing and/or de-icing systems, exhaust emissions
treatments systems, exhaust infra-red suppression systems,
and the like. The engine installation configuration may
include an installation configuration of the gas turbine
engine 20 on the aircraft 1000. The engine installation
configuration may include features (e.g., structural features,
accessories, etc.) of the aircraft 1000 on which or within
which the gas turbine engine 20 may be installed.

[0044] In Step 104, a correction factor (DPCORR) for a
current engine inlet pressure loss of the gas turbine engine
20 may be selected or otherwise determined. Determining
the correction factor (DPCORR) may include calculating the
current engine inlet pressure loss using the engine inlet
pressure (P1) and the outside ambient pressure (Pamb). The
current engine inlet pressure loss may be compared to an
expected nominal engine inlet pressure loss value for the
selected current engine installation configuration to deter-
mine the correction factor (DPCORR). The expected nomi-
nal engine inlet pressure loss value may be a function of
altitude and airspeed (e.g., VCAS) for the selected current
engine installation configuration.

[0045] In Step 105, a correction factor for the current
normalized engine power (SHPN) may be selected or oth-
erwise determined. The correction factor may be applied to
the current normalized engine power to correct for variable
inlet loss effects of the gas turbine engine 20. The correction
factor for the current normalized engine power (SHPN) may
be determined, for example, using one or more data tables
including the correction factor (DPCORR) vs. the current
engine power (SHP) as a function of the selected current
engine installation configuration.

[0046] In Step 106, a normalized ITT value (ITTN) for an
uninstalled gas turbine engine may be selected or otherwise
determined using the corrected current normalized engine
power (SHPN), airspeed (e.g., VCAS), and altitude. The
uninstalled gas turbine engine represents a gas turbine
engine which is installed in a controlled test environment
and which does not include the current engine installation
configuration (e.g., the air inlet 24 and/or the exhaust section
32 configurations) of the gas turbine engine 20 and the
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aircraft 1000. FIG. 4 illustrates an exemplary uninstalled gas
turbine engine 68. The uninstalled gas turbine engine 68 of
FIG. 4 may be operated in a land-based facility 70. The
facility 70 may facilitate operation of the uninstalled gas
turbine engine 68 in a controlled test environment (e.g.,
controlled ambient temperature, ambient pressure, and other
operational conditions), in which the uninstalled gas turbine
engine 68 may experience optimal performance. Experimen-
tal test data collected during operation of the uninstalled gas
turbine engine 68 may be stored in memory 64 and used in
the implementation of the Method 200.

[0047] The uninstalled normalized ITT value (ITTN) for
the uninstalled gas turbine engine 68 may be determined
based on the corrected current normalized engine power
(SHPN), airspeed (e.g., VCAS), altitude, and the selected
current engine configuration (e.g., using one or more data
tables associated with the uninstalled gas turbine engine 68).
Selecting or otherwise determining the uninstalled normal-
ized I'TT value (ITTN) may include using one or more data
tables including the normalized ITT value (ITTN) vs. the
corrected normalized engine power (SHPN) as a function of
the selected current engine configuration.

[0048] In Step 107, a first scaling factor (K1ITTN) may be
selected or otherwise determined for the uninstalled normal-
ized ITT value (ITTN). The scaling factor (K1ITTN) may be
selected or otherwise determined using the corrected current
normalized engine power (SHPN), altitude, and the selected
current engine installation configuration. For example, a
normalized ITT value (ITTN) for the gas turbine engine 20
and the aircraft 1000 may be determined (e.g., modeled)
using the selected current engine installation configuration.
The first scaling factor (K1ITTN) may be applied to the
uninstalled normalized ITT value (ITTN) to correct the
uninstalled normalized ITT value (ITTN) to represent the
gas turbine engine 20 with the selected current engine
installation configuration.

[0049] In Step 108, a second scaling factor (KITTN) may
be selected or otherwise determined for the uninstalled
normalized ITT value (ITTN). The second scaling factor
(KITTN) may be selected using the corrected current nor-
malized engine power (SHPN), altitude, and the current ISA
Deviation. The scaling factor (KITTN) may then be applied
to the uninstalled normalized ITT wvalue (ITTN). The
expected normalized ITT value (ITTN) of Step 106 may be
selected or otherwise determined, for example, using Inter-
national Standard Atmosphere (ISA) temperature values
which may be different than the actual outside air tempera-
ture (OAT). The scaling factor (KITTN) may be used to
compensate for differences between the [SA temperature and
the actual outside air temperature (OAT).

[0050] In Step 109, a third scaling factor (K2ITTN) may
be selected or otherwise determined using the corrected
current normalized engine power (SHPN), altitude, current
ISA Deviation, and the selected current engine configura-
tion. The third scaling factor (K2ITTN) may then be applied
to the uninstalled normalized ITT value (ITTN). The third
scaling factor (K2ITTN) may be applied to the uninstalled
normalized ITT value (ITTN) to further correct the unin-
stalled normalized ITT value (ITTN) to represent the gas
turbine engine 20 with the selected current engine installa-
tion configuration for the current atmospheric conditions
(e.g., the outside air temperature (OAT) for the gas turbine
engine 20 and the aircraft 1000.
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[0051] In Step 110, an accessory extraction load (AGB
ex_curr) may be obtained or otherwise determined for the
gas turbine engine 20 and the aircraft 1000 (see FIG. 1). The
accessory extraction load (AGB ex_curr) may be repre-
sented as a value of power (e.g., horsepower (HP)). Obtain-
ing the accessory extraction load (AGB ex_curr) may
include measuring a current (e.g., a real time) value of the
accessory extraction load (AGB ex_curr) for the aircraft
1000. Alternatively, a value of the accessory extraction load
(AGB ex_curr) may be estimated. The estimated accessory
extraction load (AGB ex_curr) may be a fixed value. Alter-
natively, the accessory extraction load (AGB ex_curr) may
be a function of one or more operational parameters of the
gas turbine engine 20 and/or the aircraft 1000 such as, but
not limited to, outside air temperature (OAT), altitude,
normalized engine power (SHPN), etc. Alternatively, a zero
(0) value may be assumed for the accessory extraction load
(AGB ex_curr) to yield a more conservative value for the
determined indicated turbine temperature (ITT) margin of
the present disclosure Method 100.

[0052] In Step 111, an uninstalled normalized ITT value
(ITTN) correction factor (e.g., a scalar factor) may be
obtained or otherwise determined. The uninstalled normal-
ized ITT value (ITTN) correction factor may be a function
of the current normalized engine power (SHPN) and alti-
tude, multiplied by the accessory extraction load (AGB
ex_curr). The uninstalled normalized ITT value (ITTN)
correction factor may be determined using one or more data
tables and/or on-board engine models (e.g., executed by the
engine control system 22) with various values of the acces-
sory extraction load (AGB ex_curr) to estimate a sensitivity
of the particular gas turbine engine 20 to accessory loads.

[0053] In Step 112, the uninstalled normalized ITT value
(ITTN) may be added to the uninstalled normalized ITT
value (ITTN) correction factor.

[0054] In Step 113, the environmental control system
(ECS) bleed extraction load (ECS_bld) may be obtained or
otherwise determined. Obtaining the environmental control
system (ECS) bleed extraction load (ECS_bld) may include
measuring a current (e.g., a real time) value of the environ-
mental control system (ECS) bleed extraction load (ECS_
bld) for the aircraft 1000. Alternatively, a value of the
environmental control system (ECS) bleed extraction load
(ECS_bld) may be estimated. The estimated environmental
control system (ECS) bleed extraction load (ECS_bld) may
be a fixed value. Alternatively, the environmental control
system (ECS) bleed extraction load (ECS_bld) may be a
function of one or more operational parameters of the gas
turbine engine 20 and/or the aircraft 1000 such as, but not
limited to, outside air temperature (OAT), altitude, normal-
ized engine power (SHPN), etc. Alternatively, a zero (0)
value may be assumed for the environmental control system
(ECS) bleed extraction load (ECS_bld) to yield a more
conservative value for the determined indicated turbine
temperature (ITT) margin of the present disclosure Method
100.

[0055] In Step 114, an uninstalled normalized ITT value
(ITTN) correction factor (e.g., a scalar factor) may be
obtained or otherwise determined. The uninstalled normal-
ized ITT value (ITTN) correction factor of Step 114 may be
a function of the current normalized engine power (SHPN),
altitude, and the outside air temperature (OAT) for the
selected current engine installation configuration, which
uninstalled normalized ITT value (ITTN) correction factor
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may then be multiplied by the environmental control system
(ECS) bleed extraction load (ECS_bld) obtained in Step 113.
The uninstalled normalized ITT value (ITTN) correction
factor may be determined using one or more data tables
and/or on-board engine models (e.g., executed by the engine
control system 22) with various values of the bleed extrac-
tion load (ECS_bld) to estimate a sensitivity of the particular
gas turbine engine 20 to bleed extraction loads.

[0056] In Step 115, the uninstalled normalized ITT value
(ITTN) correction factor obtained in Step 114 may be added
to the uninstalled normalized I'TT value (ITTN) value.
[0057] In Step 116, a correction factor may be applied to
the uninstalled normalized ITT value (ITTN) to account for
engine-to-engine and/or aircraft-to-aircraft variability in the
normalized ITT value (ITTN) between different iterations of
a new (e.g., as received) gas turbine engines and/or aircraft.
[0058] In Step 117, the uninstalled normalized ITT value
(ITTN) may be de-normalized using the ®,, value to obtain
or otherwise determine an absolute ITT value expressed, for
example, in absolute units such as, but not limited to
Rankine (° R) or Kelvin (° K). The ©,, value may be
modified by a factor (EXPITT) (e.g., O, EXPITT) to
account for empirical factors.

[0059] In Step 118, a correction factor (ITTCORR) may
be applied to the ITT value obtained in Step 117 to account
for inaccuracy in accessory extraction load (AGB ex_curr)
and/or environmental control system (ECS) bleed extraction
load (ECS_bld) corrections (or other variable effects).
[0060] In Step 119, the ITT value expressed in absolute
units may be converted to relative units such as, but not
limited to Fahrenheit (° F.) or Celsius (° C.) in preparation
for calculating the ITT margin for the gas turbine engine 20.
[0061] In Step 120, a correction factor (ITTCORRISA)
may be applied to the ITT value to account for ambient
temperature effects. The correction factor (ITTCORRISA)
may provide additional temperature correction for the ITT
value, for example, in addition to the expected normalized
ITT value (ITTN) correction factor of Step 109.

[0062] In Step 121, an engine ITT field margin may be
added to the de-normalized ITT value to obtain or otherwise
determine the Fully Deteriorated Engine (FDE) ITT value.
The engine ITT field margin may represent an allowable
increase in the de-normalized ITT value before the gas
turbine engine 20 may need to undergo maintenance (e.g., a
periodic overhaul).

[0063] In Step 122, an ITT deterioration correction factor
may be applied to the FDE ITT value. The ITT deterioration
correction factor may be a function of the ITT value (e.g.,
the ITT value obtained in Step 119) and one or more
operational characteristics of a compressor (e.g., a high-
pressure compressor and/or a low-pressure compressor) of
the gas turbine engine 20 such as, but not limited to fluid
flow rate, rotor speed, pressure ratio, temperatures, and the
like. The ITT deterioration correction factor may be added
to the FDE ITT value to account for non-linear effects of
engine deterioration on the FDE ITT value.

[0064] In step 123, an expected FDE ITT value may be
obtained or otherwise determined based, for example, on the
FDE ITT value obtained in Step 121 and optionally the ITT
deterioration correction factor applied in Step 122.

[0065] In Step 124, a current ITT value for the gas turbine
engine 20 is obtained or otherwise determined. The current
ITT value may be a temperature value of the core gas in the
core flow path 34 downstream of the bladed first turbine
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rotor 50 (e.g., the high-pressure turbine outlet temperature)
and, for example, the temperature value of the core gas in the
core flow path 34 between the bladed first turbine rotor 50
and the bladed second turbine rotor 56. The current ITT
value may be obtained from direct measurements (e.g.,
using the temperature sensors 66F), by estimating one or
more operational parameters of the gas turbine engine 20
based on predetermined correlations with other known
operational parameters, and/or by using on-board engine
models (e.g., executed by the engine control system 22) to
estimate one or more operational parameters of the gas
turbine engine 20.

[0066] In Step 125, an available ITT margin is obtained or
otherwise determined by subtracting the expected FDE ITT
(e.g., obtained from Step 123) from the current ITT value
(e.g., obtained from Step 124).

[0067] Referring to FIGS. 2 and 5, a Method 200 for
determining a compressor (e.g., high-pressure compressor)
speed (NH) margin for a gas turbine engine (e.g., the gas
turbine engine 20) installed on an aircraft (e.g., the aircraft
1000) is provided. FIG. 5 illustrates a flowchart for the
Method 200. The Method 200 may be performed using the
gas turbine engine 20 and engine control system 22. For
example, the processor 62 may execute instructions stored in
memory 64, thereby causing the engine control system 22
and/or its processor 62 to execute or otherwise control one
or more steps of the Method 200. However, while the
Method 200 may be described herein with respect to the gas
turbine engine 20 and/or the engine control system 22, the
present disclosure Method 200 is not limited to use with the
gas turbine engine 20 and/or engine control system 22.
Unless otherwise noted herein, it should be understood that
the steps of Method 200 are not required to be performed in
the specific sequence in which they are discussed below and,
in some embodiments, the steps of Method 200 may be
performed separately or simultaneously. In addition, unless
otherwise noted herein, it should be understood that various
steps (e.g., correction factor steps) of the Method 200 may
be optional and, thus, may not be essential for determining
a compressor speed (NH) margin for a gas turbine engine.
[0068] In Step 201, a current engine power (SHP) for the
gas turbine engine 20 may be obtained or otherwise deter-
mined. The current engine power (SHP) may be calculated,
for example, using the rotation speed (NL/Np) of the second
shaft 52 and the torque (e.g., measured torque) for the
second shaft 52.

[0069] In Step 202, the current engine power (SHP) may
be normalized to the engine inlet pressure (P1, 8., where 0
is a given pressure (e.g., P1) divided by a reference pressure
(e.g., sea-level ISA static pressure)) and the engine inlet
temperature (11, ®,, where © is a given temperature (e.g.,
T1) divided by a reference temperature (e.g., sea-level static
ISA temperature)) to obtain the current normalized engine
power (SHPN). The current engine power (SHP) may alter-
natively be normalized using other operational parameters
(e.g., other pressure and temperature parameters) of the gas
turbine engine 20 such as, but not limited to, the outside
ambient pressure (Pamb) and the outside air temperature
(OAD).

[0070] In Step 203, a current engine installation configu-
ration for the gas turbine engine 20 may be selected or
otherwise determined. For example, a user may input current
engine installation configuration characteristics of the gas
turbine engine 20 to the engine control system 22. Addi-
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tionally or alternatively, current engine installation configu-
ration characteristics of the gas turbine engine 20 may be
stored in the memory 64. The current engine installation
configuration may include structural configurations or
accessories of the gas turbine engine 20 and/or the aircraft
1000 (see FIG. 1) which may be expected to affect an inlet
pressure loss for the gas turbine engine 20 and, hence, may
affect the high-pressure compressor speed (NH) margin for
the gas turbine engine 20. Characteristics of the current
engine installation configuration may include, but are not
limited to, configurations of the air inlet 24 and/or the
exhaust section 32 of the gas turbine engine 20 and/or the
aircraft 1000. Examples of the air inlet 24 and/or the exhaust
section 32 configurations may include, but are not limited to,
air inlet filters, air inlet inertial particle separators, air inlet
foreign object debris (FOD) screens, air inlet anti-icing
and/or de-icing systems, exhaust emissions treatments sys-
tems, exhaust infra-red suppression systems, and the like.
The engine installation configuration may include an instal-
lation configuration of the gas turbine engine 20 on the
aircraft 1000. The engine installation configuration may
include features (e.g., structural features, accessories, etc.)
of'the aircraft 1000 on which or within which the gas turbine
engine 20 may be installed.

[0071] In Step 204, a correction factor (DPCORR) for a
current engine inlet pressure loss of the gas turbine engine
20 may be selected or otherwise determined. Determining
the correction factor (DPCORR) may include calculating the
current engine inlet pressure loss using the engine inlet
pressure (P1) and the outside ambient pressure (Pamb). The
current engine inlet pressure loss may be compared to an
expected nominal engine inlet pressure loss value for the
selected current engine installation configuration to deter-
mine the correction factor (DPCORR).

[0072] In Step 205, a correction factor for the current
normalized engine power (SHPN) may be selected or oth-
erwise determined. The correction factor may be applied to
the current normalized engine power to correct for variable
inlet loss effects of the gas turbine engine 20. The correction
factor for the current normalized engine power (SHPN) may
be determined, for example, using one or more data tables
including the correction factor (DPCORR) vs. the current
engine power (SHP) as a function of the selected current
engine installation configuration.

[0073] In Step 206, a normalized high-pressure compres-
sor speed (NHC1) for an uninstalled gas turbine engine may
be selected or otherwise determined using the corrected
current normalized engine power (SHPN), airspeed (e.g.,
VCADR), altitude, and the selected current engine installation
configuration. The uninstalled engine represents a theoreti-
cal gas turbine engine of a same type and current engine
installation configuration as the gas turbine engine 20. The
normalized high-pressure compressor speed (NHC1) for the
uninstalled gas turbine engine may be determined based on
estimated high-pressure compressor speed (NHC1) values
for the theoretical gas turbine engine for the corrected
current normalized engine power (SHPN), airspeed (e.g.,
VCADR), altitude, and the selected current engine installation
configuration (e.g., using one or more data tables associated
with the uninstalled engine). Selecting or otherwise deter-
mining the normalized high-pressure compressor speed
(NHC1) may include using one or more data tables includ-
ing the normalized high-pressure compressor speed (NHC1)
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vs. the corrected normalized engine power (SHPN) as a
function of the selected current engine installation configu-
ration.

[0074] In Step 207, a first scaling factor (KINHC1) may
be selected or otherwise determined for the uninstalled
normalized high-pressure compressor speed (NHC1) value.
The first scaling factor (KINHC1) may be selected using the
corrected current normalized engine power (SHPN), air-
speed (e.g., VCAS), altitude, and the selected current engine
installation configuration. The scaling factor (K1INHC1)
may then be applied to the uninstalled normalized high-
pressure compressor speed (NHC1). For example, a normal-
ized high-pressure compressor speed (NHC1) for the gas
turbine engine 20 and the aircraft 1000 may be determined
(e.g., modeled) using the selected current engine installation
configuration. The first scaling factor (KINHC1) may be
applied to the uninstalled normalized high-pressure com-
pressor speed (NHC1) value to correct the uninstalled nor-
malized high-pressure compressor speed (NHC1) value to
represent the gas turbine engine 20 with the selected current
engine installation configuration.

[0075] In Step 208, a second scaling factor (KNHC1) may
be selected or otherwise determined for the uninstalled
normalized high-pressure compressor speed (NHC1). The
second scaling factor (KNHC1) may be selected using the
corrected current normalized engine power (SHPN), alti-
tude, and the current ISA Deviation. The scaling factor
(KNHC1) may then be applied to the uninstalled normalized
high-pressure compressor speed (NHC1). The expected nor-
malized high-pressure compressor speed (NHC1) of Step
106 may be selected or otherwise determined, for example,
using International Standard Atmosphere (ISA) temperature
values which may be different than the actual outside air
temperature (OAT). The scaling factor (KNHC1) may be
used to compensate for differences between the ISA tem-
perature and the actual outside air temperature (OAT).
[0076] In Step 209, a third scaling factor (K2NHC1) may
be selected or otherwise determined using the corrected
current normalized engine power (SHPN), altitude, current
ISA Deviation, and the selected current engine installation
configuration. The third scaling factor (K2NHC1) may then
be applied to the uninstalled normalized high-pressure com-
pressor speed (NHC1). The third scaling factor (K2NHC1)
may be applied to the uninstalled normalized high-pressure
compressor speed (NHC1) to further correct the uninstalled
normalized high-pressure compressor speed (NHC1) to rep-
resent the gas turbine engine 20 with the selected current
engine installation configuration for the current atmospheric
conditions (e.g., the outside air temperature (OAT)) for the
gas turbine engine 20 and the aircraft 1000.

[0077] In Step 210, an accessory extraction load (AGB
ex_curr) may be obtained or otherwise determined for the
gas turbine engine 20 and the aircraft 1000 (see FIG. 1). The
accessory extraction load (AGB ex_curr) may be repre-
sented as a value of power (e.g., horsepower (HP)). Obtain-
ing the accessory extraction load (AGB ex_curr) may
include measuring a current (e.g., a real time) value of the
accessory extraction load (AGB ex_curr) for the aircraft
1000. Alternatively, a value of the accessory extraction load
(AGB ex_curr) may be estimated. The estimated accessory
extraction load (AGB ex_curr) may be a fixed value. Alter-
natively, the accessory extraction load (AGB ex_curr) may
be a function of one or more operational parameters of the
gas turbine engine 20 and/or the aircraft 1000 such as, but
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not limited to, outside air temperature (OAT), altitude,
normalized engine power (SHPN), etc. Alternatively, a zero
(0) value may be assumed for the accessory extraction load
(AGB ex_curr) to yield a more conservative value for the
determined indicated turbine temperature (ITT) margin of
the present disclosure Method 100.

[0078] In Step 211, an uninstalled normalized high-pres-
sure compressor speed (NHC1) correction factor (e.g., a
scalar factor) may be obtained or otherwise determined. The
uninstalled normalized high-pressure compressor speed
(NHC1) correction factor may be a function of the current
normalized engine power (SHPN) and altitude, multiplied
by the accessory extraction load (AGB ex_curr). The unin-
stalled normalized high-pressure compressor speed (NHC1)
correction factor may be determined using one or more data
tables and/or on-board engine models (e.g., executed by the
engine control system 22) with various values of the acces-
sory extraction load (AGB ex_curr) to estimate a sensitivity
of the particular gas turbine engine 20 to accessory loads.

[0079] In Step 212, the uninstalled normalized high-pres-
sure compressor speed (NHC1) may be added to the
expected normalized high-pressure compressor speed
(NHC1) correction factor.

[0080] At step 213, the environmental control system
(ECS) bleed extraction load (ECS_bld) may be obtained or
otherwise determined. Obtaining the environmental control
system (ECS) bleed extraction load (ECS_bld) may include
measuring a current (e.g., a real time) value of the environ-
mental control system (ECS) bleed extraction load (ECS_
bld) for the aircraft 1000. Alternatively, a value of the
environmental control system (ECS) bleed extraction load
(ECS_bld) may be estimated. The estimated environmental
control system (ECS) bleed extraction load (ECS_bld) may
be a fixed value. Alternatively, the environmental control
system (ECS) bleed extraction load (ECS_bld) may be a
function of one or more operational parameters of the gas
turbine engine 20 and/or the aircraft 1000 such as, but not
limited to, outside air temperature (OAT), altitude, normal-
ized engine power (SHPN), etc. Alternatively, a zero (0)
value may be assumed for the environmental control system
(ECS) bleed extraction load (ECS_bld) to yield a more
conservative value for the determined indicated turbine
temperature (ITT) margin of the present disclosure Method
100.

[0081] In Step 214, an uninstalled normalized high-pres-
sure compressor speed (NHC1) correction factor (e.g., a
scalar factor) may be obtained or otherwise determined. The
uninstalled normalized high-pressure compressor speed
(NHC1) correction factor of Step 214 may be a function of
the current normalized engine power (SHPN), altitude, and
the outside air temperature (OAT) for the selected current
engine installation configuration, which uninstalled normal-
ized high-pressure compressor speed (NHC1) correction
factor may then be multiplied by the environmental control
system (ECS) bleed extraction load (ECS_bld) obtained in
Step 213. The uninstalled normalized high-pressure com-
pressor speed (NHC1) correction factor may be determined
using one or more data tables and/or on-board engine
models (e.g., executed by the engine control system 22) with
various values of the bleed extraction load (ECS_bld) to
estimate a sensitivity of the particular gas turbine engine 20
to bleed extraction loads.

[0082] In Step 215, the uninstalled normalized high-pres-
sure compressor speed (NHC1) correction factor obtained in
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Step 214 may be added to the uninstalled normalized
high-pressure compressor speed (NHC1).

[0083] In Step 216, the uninstalled normalized high-pres-
sure compressor speed (NHC1) may be de-normalized using
the ©,, value to obtain or otherwise determine an absolute
high-pressure compressor speed (NH) value expressed, for
example, as a revolution-per-minute (RPM) value or as a
percentage of a reference speed (e.g., a maximum rated
speed for the high-pressure compressor). The © ,, value may
be modified by a factor (EXPITT) (e.g., ©, EXPITT) to
account for empirical factors.

[0084] In Step 217, an engine NH field margin may be
added to the uninstalled de-normalized high-pressure com-
pressor speed (NH) value to obtain or otherwise determine
the Fully Deteriorated Engine (FDE) high-pressure com-
pressor speed (NH) value. The engine NH field margin may
represent an allowable increase in the de-normalized high-
pressure compressor speed (NHC1) value before the gas
turbine engine 20 may need to undergo maintenance (e.g., a
periodic overhaul).

[0085] In Step 218, an NH deterioration correction factor
may be applied to the FDE high-pressure compressor speed
(NH) value. The NH deterioration correction factor may be
a function of a current indicated turbine temperature (ITT)
value for the gas turbine engine 20 (see Step 124) and
compressor key characteristics and measurements such as,
but not limited to fluid flow rate, rotor speed, pressure ratio,
temperatures, and the like. The NH deterioration correction
factor may be added to the FDE high-pressure compressor
speed (NH) value to account for non-linear effects of engine
deterioration on the FDE high-pressure compressor speed
(NH) value.

[0086] In Step 219, an expected FDE high-pressure com-
pressor speed (NH) value may be obtained or otherwise
determined based, for example, on the FDE high-pressure
compressor speed (NH) value obtained in Step 217 and
optionally the NH deterioration correction factor applied in
Step 218.

[0087] At Step 220, a current high-pressure compressor
speed (NH) value for the gas turbine engine 20 is obtained
or otherwise determined. The current high-pressure com-
pressor speed (NH) value may be obtained from direct
measurements (e.g., using the sensor 66J), by estimating one
or more operational parameters of the gas turbine engine 20
based on predetermined correlations with other known
operational parameters, and/or by using on-board engine
models (e.g., executed by the engine control system 22) to
estimate one or more operational parameters of the gas
turbine engine 20.

[0088] At step 221, an available high-pressure compressor
speed (NH) margin is obtained or otherwise determined by
subtracting the expected FDE high-pressure compressor
speed (NH) value (e.g., obtained from Step 219) from the
current high-pressure compressor speed (NH) value (e.g.,
obtained from Step 220).

[0089] Referring to FIG. 6, a Method 300 for using an
engine operating margin (e.g., an available ITT margin or an
available high-pressure compressor speed (NH) margin) to
operate (e.g., control, manage, and/or maintain) a gas turbine
engine (e.g., the gas turbine engine 20) is provided. FIG. 6
illustrates a flowchart for the Method 300. The Method 300
may be performed using the gas turbine engine 20 and
engine control system 22. For example, the processor 62
may execute instructions stored in memory 64, thereby
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causing the engine control system 22 and/or its processor 62
to execute or otherwise control one or more steps of the
Method 300. However, while the Method 300 may be
described herein with respect to the gas turbine engine 20
and/or the engine control system 22, the present disclosure
Method 300 is not limited to use with the gas turbine engine
20 and/or engine control system 22. Unless otherwise noted
herein, it should be understood that the steps of Method 300
are not required to be performed in the specific sequence in
which they are discussed below and, in some embodiments,
the steps of Method 300 may be performed separately or
simultaneously.

[0090] In Step 301, the engine control system 22 may
obtain or otherwise determine one or more engine operating
margins (e.g., an available ITT margin or an available
high-pressure compressor speed (NH) margin) for one or
more engine parameters (e.g., ITT or high-pressure com-
pressor speed (NH)) the gas turbine engine 20 (see FIGS. 1
and 2), for example, using the Method 100 and/or the
Method 200. In Step 302, the engine control system 22 may
cause the one or more engine operating margins to be
displayed. For example, the engine operating margins may
be displayed (e.g., on a computer screen, digital display, etc.)
for a pilot and/or crew of an aircraft (e.g., the aircraft 1000,
see FIG. 1) associated with the gas turbine engine 20. For
example, the engine operating margins may provide the pilot
and/or crew with a live or substantially live indication of the
available power for the gas turbine engine 20. In Step 303,
at least one of the engine operating margins may be com-
pared to a predetermined threshold operating margin value.
If the engine operating margin decreases below the prede-
termined threshold operating margin value, the engine con-
trol system 22 may flag (e.g., identify) the gas turbine engine
20 for scheduling and/or performance of maintenance. The
engine control system 22 may provide a maintenance noti-
fication to a pilot, crew, and/or maintenance personnel for an
associated aircraft for the gas turbine engine 20.

[0091] It is noted that various connections are set forth
between elements in the preceding description and in the
drawings. It is noted that these connections are general and,
unless specified otherwise, may be direct or indirect and that
this specification is not intended to be limiting in this
respect. A coupling between two or more entities may refer
to a direct connection or an indirect connection. An indirect
connection may incorporate one or more intervening enti-
ties. It is further noted that various method or process steps
for embodiments of the present disclosure are described in
the following description and drawings. The description
may present the method and/or process steps as a particular
sequence. However, to the extent that the method or process
does not rely on the particular order of steps set forth herein,
the method or process should not be limited to the particular
sequence of steps described. As one of ordinary skill in the
art would appreciate, other sequences of steps may be
possible. Therefore, the particular order of the steps set forth
in the description should not be construed as a limitation.

[0092] Furthermore, no element, component, or method
step in the present disclosure is intended to be dedicated to
the public regardless of whether the element, component, or
method step is explicitly recited in the claims. No claim
element herein is to be construed under the provisions of 35
U.S.C. 112(f) unless the element is expressly recited using
the phrase “means for.” As used herein, the terms “com-

prises”, “comprising”, or any other variation thereof, are
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intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to
such process, method, article, or apparatus.

[0093] While various aspects of the present disclosure
have been disclosed, it will be apparent to those of ordinary
skill in the art that many more embodiments and implemen-
tations are possible within the scope of the present disclo-
sure. For example, the present disclosure as described herein
includes several aspects and embodiments that include par-
ticular features. Although these particular features may be
described individually, it is within the scope of the present
disclosure that some or all of these features may be com-
bined with any one of the aspects and remain within the
scope of the present disclosure. References to “various
embodiments,” “one embodiment,” “an embodiment,” “an
example embodiment,” etc., indicate that the embodiment
described may include a particular feature, structure, or
characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic.
Moreover, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature, struc-
ture, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge
of one skilled in the art to effect such feature, structure, or
characteristic in connection with other embodiments
whether or not explicitly described. Accordingly, the present
disclosure is not to be restricted except in light of the
attached claims and their equivalents.

1. A system for determining an engine operating margin
for an engine parameter of a gas turbine engine for an
aircraft, the system comprising:

an engine control system including a processor in com-

munication with a non-transitory memory storing

instructions, which instructions when executed by the

processor, cause the processor to:

obtain a current engine installation configuration for the
gas turbine engine;

determine a normalized value of the engine parameter
for an uninstalled gas turbine engine based on the
current engine installation configuration and one or
more of a normalized engine power (SHPN) of the
gas turbine engine, an airspeed, or an altitude;

determine a fully deteriorated engine (FDE) value of
the engine parameter using the normalized value of
the engine parameter;

determine a current value of the engine parameter for
the gas turbine engine; and

determine the engine operating margin for the engine
parameter based on the FDE value of the engine
parameter and the current value of the engine param-
eter.

2. The system of claim 1, wherein the instructions, when
executed by the processor, further cause the processor to
determine if the engine operating margin decreases below a
predetermined threshold margin value for gas turbine engine
maintenance.

3. The system of claim 1, wherein the engine parameter is
an indicated turbine temperature (ITT).

4. The system of claim 1, wherein the engine parameter is
a compressor speed.

5. The system of claim 1, wherein the instructions, when
executed by the processor, further cause the processor to:
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calculate a current engine inlet pressure loss using an
engine inlet pressure and an outside ambient pressure;

compare the current engine inlet pressure loss to an
expected nominal engine inlet pressure loss for the
current engine installation configuration to determine
an inlet pressure loss correction factor; and

apply the inlet pressure loss correction factor to the

normalized engine power (SHPN).

6. A method for determining an engine operating margin
for an engine parameter of a gas turbine engine for an
aircraft, the method comprising:

identifying a current engine installation configuration for

the gas turbine engine;
determining a normalized value of the engine parameter
for an uninstalled gas turbine engine based on the
current engine installation configuration and one or
more of a normalized engine power (SHPN) of the gas
turbine engine, an airspeed, or an altitude;

determining a fully deteriorated engine (FDE) value of the
engine parameter using the normalized value of the
engine parameter;

determining a current value of the engine parameter for

the gas turbine engine; and

determining the engine operating margin for the engine

parameter based on the FDE value of the engine
parameter and the current value of the engine param-
eter.

7. The method of claim 6, wherein the engine parameter
is an indicated turbine temperature (ITT).

8. The method of claim 6, wherein the engine parameter
is a high-pressure compressor speed (NH).

9. The method of claim 6, further comprising identifying
the engine operating margin decreasing below a predeter-
mined threshold margin value for gas turbine engine main-
tenance.

10. The method of claim 6, further comprising:

determining a scaling factor based on SHPN, altitude,

current ISA deviation, and the current engine installa-
tion configuration; and

applying the scaling factor to the expected normalized

value of the engine parameter.

11. The method of claim 6, further comprising:

determining an accessory extraction load for the gas

turbine engine;

determining an accessory extraction load correction factor

using the normalized engine power (SHPN), the alti-
tude, and the accessory extraction load; and

adding the accessory extraction load correction factor to

the expected normalized value of the engine parameter.

12. The method of claim 6, wherein the step of determin-
ing the current value of the engine parameter for the gas
turbine engine includes measuring the engine parameter
using one or more sensors of the gas turbine engine.

13. The method of claim 6, wherein the step of determin-
ing the current value of the engine parameter includes
estimating the current value of the engine parameter using a
computer-implemented model.

14. The method of claim 6, wherein the step of determin-
ing the FDE value of the engine parameter includes deter-
mining a deterioration correction factor for the FDE value,
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the deterioration correction factor based on one or more
operational characteristics of a compressor of the gas turbine
engine.
15. A gas turbine engine for an aircraft, the gas turbine
engine comprising:
an air inlet;
a first rotational assembly including a first shaft, a bladed
first compressor rotor, and a bladed first turbine rotor,
the first shaft interconnecting the bladed first compres-
sor rotor and the bladed first turbine rotor;
a second rotational assembly include a second shaft, a
bladed second compressor rotor, and a bladed second
turbine rotor, the second shaft interconnecting the
bladed second compressor rotor and the bladed second
turbine rotor;
an exhaust section,
wherein the air inlet, the first rotational assembly, the
second rotational assembly, and the exhaust section
form a core flow path of the gas turbine engine; and
an engine control system including a processor in com-

munication with a non-transitory memory storing

instructions, which instructions when executed by the

processor, cause the processor to:

determine a normalized value of an engine parameter
for an uninstalled engine based on a normalized
engine power (SHPN) of the gas turbine engine, an
airspeed, and an altitude;

determine a fully deteriorated engine (FDE) value of
the engine parameter of the gas turbine engine using
the normalized value of the engine parameter;

determine a current value of the engine parameter for
the gas turbine engine; and

determine an engine operating margin for the engine
parameter based on the FDE value of the engine
parameter and the current value of the engine param-
eter.

16. The gas turbine engine of claim 15, wherein the
instructions, when executed by the processor, further cause
the processor to obtain a current engine installation configu-
ration for the gas turbine engine, wherein the normalized
value of an engine parameter is determined for the current
engine installation configuration.

17. The gas turbine engine of claim 15, wherein the
engine control system includes a plurality of sensors.

18. The gas turbine engine of claim 17, wherein the
plurality of sensors includes at least a speed sensor for the
first rotational assembly and a torque sensor for the first
rotational assembly, and wherein the step of determining the
normalized value of the engine parameter for the uninstalled
engine based on the normalized engine power (SHPN) of the
gas turbine engine includes determining the normalized
engine power (SHPN) using a rotational speed measured by
the speed sensor and a torque measured by the torque sensor.

19. The gas turbine engine of claim 16, wherein the
current engine installation configuration includes an air inlet
configuration.

20. The gas turbine engine of claim 16, wherein the
current engine installation configuration includes an exhaust
section configuration.
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